Abstract. Anodising of aluminium alloys can be used to improve corrosion resistance during application or it can be simply for decorative purposes. In this research, anodising of 6111 (Cu containing) and 6082 (without Cu) alloys produced by Rheo-High Pressure Die Casting (R-HPDC) was studied. R-HPDC components suffer from surface liquid segregation (SLS), the surface layer of the casting is enriched in alloying elements and it is expected to have different properties than the bulk material.
Introduction
An important process in corrosion protection and colour finishing of aluminium alloys is anodising. Anodising is a process for producing a decorative and protective oxide layer on the surface of aluminium/alloy components [1, 2] .
A layer, typically 15-25 µm thick, of aluminium oxide is produced on the surface of the component during anodising by the use of direct electric current [2, 3] . It has been shown before that aluminium alloys produced by Rheo-High Pressure Die Casting (R-HPDC) suffer from surface liquid segregation (SLS) whereby the surface of the component is enriched in alloying elements [4] . The alloying elements are found in the form of solid solution, or second phase precipitates or intermetallic phase of different shape, sizes, and compositions [5] . A study on the SLS thickness showed that the thickness can vary from 0.7 mm to 1.1 mm [4] . The presence of the SLS layer on the aluminium castings could cause a modification in oxide layer growth during anodising [5] . The subject of anodising of wrought Al-alloys has been studied in great detail before [6, 7] .
In this study, an anodising process was applied to R-HPDC Al-Mg-Si-(Cu) alloys 6082 and 6111 in the T6 condition, with and without SLS. The alloys differ in copper, iron and manganese content. This study focussed on the anodisability of the 6082 and 6111 alloy castings in the T6 temper condition, with and without SLS.
Experimental Procedure
Al-Mg-Si-(Cu) alloys 6082 and 6111, with melt chemical compositions in Table 1 , were used. Plates of 6082 and rods of 6111 were produced using a small scale R-HPDC cell [8] . Details of the equipment used and processing procedure are described by Curle et al [8] . A 1 mm layer was removed from one side of each plate of the 6082 alloy while a 1 mm layer was removed from one rod in the 6111 alloy. The 1 mm surface removal (based on a previous study by Möller et al [4] ) from the samples was to remove the SLS for a comparative study on the sample with SLS and without the SLS. The SLS layer is enriched in alloying elements that can influence the anodisability of the alloys due to the formation of intermetallic phases. The plates and the rods were heat treated at 540 °C for 6 hours and artificially aged at 180 °C for 7 hours. The T6 tempered alloys were cleaned with acetone prior to etching and anodising. Table 1 indicates that alloy 6082 has higher Fe and Mn content than 6111, while alloy 6111 has a higher Cu content than the 6082 (0.05 wt%) alloy. The differences in Fe, Mn and Cu contents dictate the intermetallic phases that are present in each alloy.
The castings were etched in a 100 g/l caustic etchant for 3 minutes at 50 °C and thoroughly cleaned with deionised water, followed by a Bismuth HNO 3 immersion for 1 minute at room temperature after which they were thoroughly cleaned with deionised water again. The alloys were anodised in 250 g/l H 2 SO 4 at a constant current density of 35 mA/cm 2 for 20 minutes. The parameters used for anodising are based on the supplier recommendations.
After anodising, the samples were again cleaned with deionised water and immersed in a black dye for 10 minutes, the dye was pre-heated to 50 °C. Thereafter the samples were again cleaned with deionised water and sealed in a sealant for 5 minutes. The samples were dried using compressed air.
Representative specimens were cut from the samples for mounting and analysis purposes. The samples were analysed using a scanning electron microscope (SEM). Qualitative Energy Dispersive Spectroscopy (EDS) analysis was used for phase identification. R-HPDC alloy 6082 without the SLS layer (Fig. 2a) showed greater anodisability and that is also evident from the thicker (~17 µm) oxide layer as compared with the surface with the SLS (~12 µm). The oxide layer is uniformly distributed along the surface and has less porosity. The thickness is homogeneous along the sample surface as well. The 6082 alloy with the SLS has a higher volume fraction of Mg 2 Si and α-Al(Fe,Mn)Si intermetallic phases, which most likely contributed to a higher degree of porosity in the anodised layer. It is clear from this study that the presence of the intermetallic phases has a negative effect on the oxide layer during anodising of the aluminium. Jariyaboon and co-workers [7] studied the effect of the Al-Fe, Al-Fe-Si and Al-Si intermetallics on the anodisability and oxide layer, indicating that Mg 2 Si and α-Al(Fe,Mn)Si intermetallic phases anodised at lower rate as compared with the aluminium matrix. This resulted in some of the intermetallics being incorporated into the formed oxide layer, thus causing an uneven layer and porous sections [7, 9, 10] . Figs. 3a&b show the oxide layer formed during anodising of 6111 alloy. The oxide layer formed on the sample without SLS is again thicker (~11 µm) than the layer formed on the sample with SLS (~6 µm), as in the case of 6082. Alloy 6111 with SLS has large globular and needle-like intermetallic phases. The intermetallic phases were qualitatively identified to be α-Al (Fe,Mn)Si and Q-Al 5 Cu 2 Mg 8 Si 6 using EDS. As was the case with alloy 6082 (Fig. 2a) , the oxide layer on the sample with SLS is not uniformly distributed (Fig. 3a) . The sample without SLS (Fig. 3b) has a lower volume fraction of intermetallic phases and less porosity, as was found with 6082 (Fig. 3b) .
Results and Discussion
Saenz de Maera et al [11] studied the effects of the Al-Cu-Fe intermetallic phases on the anodising response of Al-alloys and indicated that during the natural immersion of the aluminium substrate the constituent that contains Fe and Cu becomes "cathodic". The aluminium substrate around the Al-Cu-Fe intermetallic dissolves faster, resulting in trenches in the substrate around the intermetallic. Oxygen is extensively generated due to formation of a non-scale layer beneath the anodic film during anodising of alloys enriched in Cu and Fe intermetallics.
In both alloys, the samples without SLS have less intermetallic phases and the oxide layers are thicker with less porosity than the samples with SLS. The 6082 alloy has a higher anodisability as compared with the 6111 alloy. The differences in oxide layer thickness between 6082 and 6111 could possibly be a Cu concentration effect [11] .
It would be advantageous to remove the SLS before anodising due to the influence of the high volume fraction of intermetallic phases in the SLS layer of R-HPDC castings.
Conclusions
The objective of the study was to investigate the anodisability of rheo-high pressure die casting components with and without the surface liquid segregation layer. The following conclusions were reached during this study.
• The SLS affects the anodisability of the Al-alloy castings: samples with SLS have more intermetallic phases and have a porous, thinner oxide layer than the samples without SLS.
• Copper containing alloy 6111 has a thinner oxide layer as compared with the Cu-free alloy 6082.
• An extra step of removing the SLS layer would most likely be required for R-HPDC alloys before anodising.
